Pathology
The earliest detectable lesions of diabetic retinopathy are microaneurysms. These are associated with excessive vascular permeability and result in exudate formation. There is occlusion of the vessels and stimulation of growth factors, which in turn promote the proliferation of new blood vessels and the growth of fibrous tissue. This may contract and lead to haemorrhage. The process of angiogenesis, however, occurs right through the evolution of diabetic retinopathy.
Treatment
Until very recently, treatment was confined to relatively late in the pathology of diabetic retinopathy, when there was already some proliferative disease. Photocoagulation has been successful in preventing blindness and, more recently, studies have shown the importance of tight blood glucose control.
GLYCAEMIC CONTROL
The diabetes control and complications trial (DCCT) in patients with type 1 diabetes emphasised the importance of tight glycaemic control in reducing the progression of retinopathy and also reducing the incidence of retinopathy (fig 1) . 1 Importantly, even patients receiving intensive treatment had some progression of retinopathy. Also, it took three years before a clear diVerence between intensive and conventional treatment was observed. Clearly, while tight glycaemic control is successful, other treatments are still required. There is now strong evidence that agents that modulate the reninangiotensin system (RAS) may be one of these treatments.
RAS and retinopathy
A local RAS exists in the eye that is independent of the systemic RAS. There is now evidence that patients with diabetic retinopathy have raised concentrations of intraocular and serum angiotensin converting enzyme (ACE), prorenin, and angiotensin II. These concentrations are correlated with disease severity.
The non-haemodynamic eVects of angiotensin II include the regulation of cell growth via the expression of growth factors including vascular endothelial growth factor; basic fibroblast growth factor; insulin-like growth factor; and platelet derived growth factor. Angiotensin II also enhances vascular permeability and oxidant stress; and potentiates sympathetic nervous system activity. It may also be involved in retinal vascular tone and the degradation of the extracellular matrix.
As angiotensin II has such a wide range of actions, it is not surprising that there is evidence that it is involved in the pathogenesis of diabetic retinopathy. ANGIOTENSIN 
II AS AN ANGIOGENIC FACTOR
In vitro studies have shown the impact of angiotensin II as an angiogenic factor. In cultured cells, angiotensin II potentiates cell migration. However, this eVect is attenuated when either captopril or an AT 1 receptor antagonist is added. 2 A human study looked at the impact of ACE inhibition in the eye in nine patients who were followed for seven months. Captopril was found to improve significantly blood/retinal barrier permeability and albumin excretion rate (p < 0.01). 3 
UKPDS
In the UKPDS study a group of type 2 diabetic patients with hypertension were randomised to tight blood pressure control or less tight blood pressure control. 4 After a period of three years there was an improvement in the progression of retinopathy in those randomised to tight blood pressure control. There was also an improvement in visual acuity.
UKPDS also compared ACE inhibitor with blocker treatment and for the majority of end points, including retinopathy, there was no distinction between the two agents. However, as this was a subgroup analysis the results should be interpreted with caution. A twice daily dosing schedule of captopril was used that may not have been suYcient to achieve the tissue concentrations required.
EUCLID
The EUCLID study included relatively normotensive type 1 diabetic patients, 85% of whom were normo-albuminuric-that is, were at the early stages of diabetic disease. 5 Diabetic retinopathy was classified using six clinically distinct levels ranging from no retinopathy to photocoagulation scars.
Treatment with lisinopril for two years produced a 50% reduction in the progression of retinopathy by one level. This is a striking result, given the need to wait several years before the impact of tight glycaemic control is observed.
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Progression by two levels was also improved significantly by treatment with lisinopril, as was progression to proliferative retinopathy. Development of new retinopathy was reduced by 30% although this was not significant. Interestingly, regression of retinopathy was greater in the lisinopril group but again this was not significant (fig 2) .
The EUCLID study also looked at whether individual subgroups particularly benefited from treatment.
Baseline retinopathy
It may be thought that the degree of retinopathy at baseline would predict response to treatment. However, there was no significant diVerence between patients with diVerent levels of retinopathy at entry, and even those patients with no retinopathy at baseline benefited from lisinopril treatment (fig 3) .
Blood glucose control
Patients in the EUCLID study can be divided in to two groups: those with good glycaemic control and those with relatively poor glycaemic control. Those on treatment in either of these two groups had a better outcome than those on placebo, and there was no significant interaction between the two groups.
Microalbuminuria
The number of people in this study who had microalbuminuria was relatively small. However, the progression rates in the placebo group were again greater than those on treatment in both the microalbuminuric and normoalbuminuric groups. There was no real diVerence in risk of progression between the two treatment groups. Baseline albumin excretion rate therefore does not greatly influence the impact of lisinopril on retinopathy. All patients benefited from lisinopril treatment irrespective of their baseline albumin excretion.
Action of ACE inhibitors
Is the impact of ACE inhibitors on diabetic retinopathy in EUCLID a simple blood pressure lowering eVect or do they have some other specific action?
The unadjusted odds ratio for risk of progression of retinopathy was halved in patients treated with lisinopril over a two year period. If adjustment is made for baseline covariates, such as treatment centre, blood glucose concentration, age, duration of diabetes, sex, baseline albumin excretion rate, baseline retinopathy status, and baseline blood pressure, the risk is attenuated to 0.55. This means that the 50% reduction in risk is decreased to a 45% reduction in risk.
In the EUCLID study, blood pressure fell by about 3 mm Hg diastolic at one month in the lisinopril group, and remained at that level throughout the study. If adjustment is now made for this diVerence in blood pressure the treatment eVect is attenuated from 0.55 to 0.57. This suggests that the systemic changes in blood pressure do not account for the treatment eVect of ACE inhibitors on diabetic retinopathy. This is supported by data on the progression of nephropathy from the EUCLID study. At two years, albumin excretion was 53% lower with lisinopril compared to placebo. If blood pressure at one month is accounted for, this treatment eVect is attenuated from 53% to 46%. This is a small attenuation and further suggests that the eVects of lisinopril on nephropathy are not caused by systemic blood pressure changes alone.
Other mechanisms ACE inhibitors have a wide range of eVects in addition to blood pressure lowering. For example, captopril can ameliorate arthritis and lower thrombotic risk. It reduces the risk of atherosclerosis and renal failure, and in some studies reduces the risk of cancer. All of these eVects are, to some extent, dependent on angiogenesis. Importantly, angiogenesis is one of the key factors in the pathology of diabetic retinopathy.
ACE inhibitors are also known to have an eVect on endothelial dysfunction. It is clear that people with type 1 diabetes have impaired endothelial dysfunction. If the ACE inhibitor enalapril is added, endothelial dysfunction is improved perhaps via mechanisms associated with nitric oxide bioactivity.
Interestingly, matrix metalloproteinases may also play a role. In an in vitro study showing degradation caused by matrix metalloproteinases, the degradation was attenuated when captopril was added. 6 Furthermore, there are now studies showing that matrix metalloproteinase-9 (MMP-9) is increased approximately three months before the onset of microalbuminuria and that ACE inhibitors beneficially aVect the level of MMP-9 and reduce the risk of microalbuminuria. 7 
ANGIOTENSIN II ANTAGONISTS
In a study of hypertensive patients, rather than diabetic patients, comparing losartan and enalapril, there is a similar eVect on albumin excretion rate at 12 weeks. 8 However, this should be interpreted with caution as the number of patients was small and the study was not designed to compare the impact of these two drugs.
Conclusion
Antihypertensive treatment, most notably with ACE inhibitors, reduces progression of diabetic retinopathy. There is evidence that ACE inhibitors may even reduce the incidence or development of retinopathy. Importantly, changes in systemic blood pressure cannot wholly account for the eVect of ACE inhibitors on diabetic retinopathy.
In the future the findings of EUCLID and UKPDS, in terms of progression of retinopathy and incidence, need to be confirmed in both type 1 and type 2 diabetes. Attention must also be paid to the more specific blockade of angiotensin II with agents such as the AT 1 receptor antagonists.
retinopathy Modulation of the renin-angiotensin system and Nish Chaturvedi doi: 10.1136/heart.84.suppl_1.i29
